Chinese animal crude drugs, an important part of traditional medicine which has been used by people since antiquity for the prevention and treatment of illness, is less well known in the West. It has been known that many animal crude drugs can be helpful and others might be potentially harmful. During the last decade, Chinese animal crude drug preparation, resources, identification, physicochemical evaluation, active principles and pharmacological activities have been studied. However, little knowledge is available about the role of trace elements in Chinese animal crude drugs.
On the other hand, some cases of intoxication with lead and cadmium resulting from the ingestion of Chinese crude drugs have been reported recently. 1, 2 Therefore, in order to clarify the role of trace elements and to monitor the safety of Chinese animal crude drug remedies, the analysis of trace elements is very important for pharmacological and toxicological evaluations of Chinese animal crude drugs. However, it is still a challenging task due to the matrix interference of animal crude drugs.
For most people the major source of exposure to cadmium and lead is from the diet, namely from edible animal tissue as a result of their bioaccumulation properties in the organs of domestic animals. 3 It is therefore important to precisely and accurately establish an analytical method to determine the concentration of the heavy metals in animal crude drugs.
Atomic absorption spectrometry (AAS) is the most common analytical method adopted for measuring trace metals in biological materials. Because flame AAS normally allows the quantification of elements only at ppm levels, the most reliable techniques make use of the electrothermal atomization mode, as is the case in a previously reported method proposed for the determination of cadmium and lead in food by electrothermal atomic absorption spectrometry (ETAAS) tested with several certified reference materials. 4 We propose an ETAAS procedure with a stabilizedtemperature platform furnace for the quantification of two of the most important toxic metals, after the wet digestion of samples. Thus, by choosing those biological materials for our study, and using the proposed methods, we aim to present an inexpensive procedure with which to provide a useful and reliable method. The concentrations of five kinds of Chinese animal crude drugs, which are frequently used and can represent the wide variation of the matrix in Chinese animal crude drugs, were determined by the developed analytical method.
Experimental

Apparatus
For atomic absorption measurements we used a Model 5100PC atomic absorption spectrophotometer with a Zeeman background corrector, a Model 600 graphite furnace, an AS-70 autosampler, a Model 3600 data station, a hollow cathode lamp and an electrodeless discharge lamp for Pb and Cd, respectively (all from Perkin-Elmer Corp., Norwalk, CT). Pyrocoated graphite tubes with L'vov platforms were also from Perkin-Elmer. The instrumental parameters are listed in Table 1 .
Reagents
High purity water (18 MΩ-cm) was used throughout the work. Working standard solutions were prepared from a stock 1 g/l standard solution of cadmium and lead (Merck, Darmstadt, Germany). NH 4 H 2 PO 4 (Merck, Darmstadt, Germany) was used as a matrix modifier. Mytilus crassitesta (mussel) (Bathch no. 08571, Chinese Academy of Science, Shanghi, China) was used as a standard reference material.
Sample digestion
A Sjostrand-type wet oxidation reflux apparatus was used, and the digestion performed followed basically the procedure established in our previous work. 5, 6 After the sample (0.5 g) was put into a digestion flask (150 ml), 3 ml of HNO 3 was added to start the digestion. During the initial stage, reflux was continued with the condensate returning to the flask for about 15 min. The tap on the condensate reservoir was then closed, and water and HNO 3 were collected in the condensate reservoir. When a slight darkening of the digest occurred, small amounts of condensate were allowed to drain into the flask to continue the oxidation and to remove the darkening. The operation was continued until darkening no longer occurred and a clear solution was observed. The whole process described above constitutes one-cycle digestion. Three-cycle digesting processes were carried out in order to digest the sample completely. 5, 6 Procedures
Cadmium and lead standard solutions were prepared by diluting a 1 g/l stock solution in 0.2% HNO 3 solution to give final concentrations of 0, 0.5, 1.0, 1.5, 2.0, 2.5 µg/l; also 0, 10, 20, 30 40, 50 µg/l were used for cadmium and lead, respectively. Aliquots of these standards were stored at -20˚C in plastic tubes. After diluting the samples and the calibrating standard materials, we injected into the furnace 20 µl of the diluted solution, followed by 5 µl of the matrix-modifier solution (NH 4 H 2 PO 4 , 40 µg/ml). The calibration standards and samples were analyzed in duplicate. The spectrophotometric conditions and settings of the graphite furnace are given in Table 1 .
Results and Discussion
Sample matrix interferences
In the current study, the calibration curves which we obtained by adding a standard at different amounts of cadmium and lead in the digested samples were nearly parallel to those obtained by aqueous standard solutions, and were highly linear, at least to 2 ppb and 40 ppb for cadmium and lead, respectively. The slopes of the standard addition method for both cadmium and lead are 0.0721 and 0.0026, respectively, which are very close to those of aqueous standard solutions (0.0719 for cadmium and 0.0026 for lead). The results are similar with different Chinese crude drug as the sample matrix. This indicates that a standard addition method is not required for the determination of cadmium and lead in digested samples. Because the tedious, time-consuming method of standard additions was avoided, the developed methods are more suitable for routine use.
Development of furnace temperature programs
Heating programs for the ashing of samples in order to determine cadmium and lead were developed by gradually increasing the temperature for a definite concentration of the analyte added standards and aqueous standard solution, with matrix modifiers. The results obtained for ashing plots of these materials showed that ashing temperatures of between 500 -700˚C and 700 -800˚C could be used for cadmium and lead, respectively ( Figs. 1 and 2) . Generally, beyond 900˚C there is a marked decrease in both the cadmium and lead signals. In the present work, the best choice of the ashing temperature for cadmium was 700˚C and the ashing temperature was fixed at 800˚C for lead.
Keeping the ashing temperature fixed, the furnace was programmed for a variation of the atomization temperature ( Figs. 1 and 2) . For cadmium, the optimal atomization temperature was set at 1450˚C. As shown in Fig. 2 , the optimal atomization temperature for lead may be chosen to be between 1500 and 1600˚C in the present study. However, a memory effect existed at 1500˚C; for this reason, 1600˚C was a better choice for the atomization temperature in the present work. Because cadmium and lead do not have high melting and boiling points, the use of a matrix modifier for the thermal stabilization of these two metals in the graphite furnace seems to be necessary. [7] [8] [9] Ammonium dihydrogen phosphate (NH 4 H 2 PO 4 ) was used as a matrix modifier in this study. Consequently, by using the digested 1134 ANALYTICAL SCIENCES NOVEMBER 1999, VOL. 15 technique and a Zeeman effect background correction, the effects of the background interference produced in the furnace by complex biological matrices can be avoided by selecting appropriated furnace programs for a GFAAS determination of cadmium and lead. The optimal furnace programs for the determination of Cd and Pb in Chinese crude drugs are given in Table 1 .
Reliability evaluation
As shown in Table 2 , the within-run coefficient of variation (CV, %) for cadmium in 0.5 µg/l and 2.0 µg/l were 1.64 and 1.02, and for lead in 10 µg/l and 40 µg/l were 1.64 and 4.65. The between-run coefficient of variation (CV, %) were 7.27, 2.63 and 2.94, 5.49 for cadmium in 0.5 µg/l, 2.0 µg/l and lead in 10 µg/l and 40 µg/l, respectively. To evaluate the accuracy of the method, as shown in Table 2 , the standard reference material was used to determine the accuracy of cadmium and lead. By comparing the analytical value and the certified value of the standard reference materials, the developed analytical method has therefore shown to be very accurate. The limits of detection, defined as the blank values plus three times the standard deviation of the blank values, are 2 pg and 11.6 pg for cadmium and lead, respectively. On the basis of the verified analytical reliability of the established methods, the five Chinese animal crude drugs were analyzed.
Applications
In Chinese traditional medicine, Gekko Gecko L, Equus asinus L, Trionyx sinensis Wicgmann, Chinemys reevesii and Hippocampus kalloggi were used habitually to treat asthma, gynecopathy, liver disorder, epilepsy and sexual dysfunction, respectively. 10 As shown in Table 3 , the metal concentrations were determined on specimens of five kinds of Chinese animal crude drugs. In general, high levels of lead were found in these five Chinese animal crude drugs, which may be harmful to the human body. In China, the limiting values of Pb and Cd in Chinese drugs are 10 and 0.3 ppm, respectively. The Provisional Tolerable Daily Intake set by FAO/WHO was 429 µg/day for Pb and 59 -92 µg/day for Cd, respectively. Therefore, these drugs should be used carefully.
Based on the results obtained in the present study, it is concluded that the digested technique is suitable for the determination of the cadmium and lead concentrations in Chinese animal crude drugs, because it is fast, simple, precise and not prone to contamination. The simplicity and versatility of the procedure should make it attractive for use in clinical laboratories. 
